Thirteen genotypes of strawberry were subjected to genetic variability and association analysis. The study revealed highly significant differences for all the characters studied, indicating the presence of substantial genetic variability. Phenotypic and genotypic coefficient of variation (PCV and GCV) was maximum for yield/hectare (42.58 and 42.27) followed by yield /plant (42.57 and 42.26), non-reducing sugar (34.44 and 34.39), number of flower/plant (29.37 and 29.09). While high heritability found in non-reducing sugar (99.7%) followed by fruit initiation (98.6%), yield/plant (98.6%), yield/hectare (98.6 %),average berry weight (98.4%), flower /plant (98.1%), fruit/plant (97.9%), TSS (97.6%), titratable acidity (97.6%), days taken from planting to harvest (96.4%) and anthocyanin content (95.2 %). High heritability coupled with high genetic advance as percent of mean was observed for yield/hectare (86.55%) among fruit yield followed by yield/plant (86.43%), non-reducing sugar (70.75%). However, significant positive correlation on yield/plant was recorded with plant spread, plant height, leaves/plant, petiole length, days taken from planting to harvest, flower/plant, fruit length, fruit breadth, fruit /plant, titratable acidity, non-reducing sugar and average berry weight. Whereas, positive direct effect on yield/plant was found to be highest for number of flower /plant (0.949) followed by fruit breadth (0.206), anthocyanin content (0.103), fruit length (0.100), average berry weight (0.097) and plant spread (0.068) indicating that these should be considered as selection criteria for increasing fruit yield/plant in a breeding program.
Introduction
Strawberry (Fragaria х ananassa Duch.) belonging to the Rosaceae family, is a herbaceous perennial plant. It is one of the most widely cultivated fruit plants in the world and is a natural hybrid derived from its parental species (octoploid, 2n = 56), Fragaria virginiana Duch. and Fragaria chiloensis (L.) Duch. (Degani et al.,1998) . Owing to the high demand and important economic values of strawberry, its output is ranked first among small berries in global terms (Monfort, 2014) .The cultivated strawberry, Fragaria × ananassa, is an octaploid (2n = 8x = 56) (Nathewet et al., 2010) .Strawberry is good source of carbohydrate, antioxidant compound, such as flavanoids and phenolics, besides it is most attractive color and taste (Cordenunsi et al., 2002) . Strawberry fruits are rich source of vitamin C (39 to 86/100g of fruit) and minerals. The strawberry is the good source of Vitamin A (60 IU/100g), pectin, potassium, calcium and phosphorous (Sharma et al., 2002) .
Numerous strawberry breeding programs have been developed to generate new cultivars with improved taste and flavor or extended harvest period and shelf life (Capocasa et al., 2008; Faedi et al., 2000) . Traditionally, the identification of strawberry cultivars was determined by the examination of differences in morphological or physiological characteristics such as leaf, flower, fruit parameters, and flowering habit (Nielsen and Lovell, 2000) . However, such methods are unsuitable for cultivated strawberries as genetic and phenotypic variations between cultivars are minimal. The direct selection for fruit yield is not sufficiently effective, as yield is poly-genetically controlled and associated with number of related traits. Therefore, indirect selection is desirable for improvement of yield. Correlation alone does not provide information on the contribution of related characters, which necessitates the study of cause and effect relationship of different characters among themselves. It has been observed that path coefficient analysis reveals the exact relationship of characters thereby providing more information than simple correlation analysis, suggesting that correlation analysis, is a weaker tool compared to path coefficient analysis (Dewey and Lu.,1959) .Yield is a complex trait and it is difficult to exploit various yield contributing characters merely through the knowledge of correlation which is simply a measure of association between yield and the yield components (Lungu, 1978) . Heritability, gene action, and correlation among traits are very important in determination of parent and selection of progeny. The objective of this study was to find out the genetic variability, correlation and the direct and indirect contribution of each character by using path coefficient analysis on fruit yield of strawberry.
Materials and Methods
The present investigation was carried out during 2015-16 at Research Farm, Mata Gujri College, Fatehgarh Sahib, Punjab. The material comprised of thirteen genotypes of strawberry which were collected from National Bureau of Plant Genetic Resources, Shimla and were grown in a Randomized Block Design (RBD) with three replications, keeping row to row distance of 30 centimeter with and distance between plants 25 centimeter in each replication. The thireen genotypes used were Belrubi, Confictura, Sweet Charlie, Chandler, Etna, Selva, Sea Scape, Dana, Gorella, Brighton, Ventana, Douglus and Pajaro. Recommended agronomic package of practices were followed to raise a good and healthy crop. Randomly five selected plants were observed for different morphological and biochemical attributes. Data were recorded for plant height (cm), plant spread (cm), number of leaves, petiole length (cm), days taken to produce first flower, number of flowers, days taken from planting to harvest, number of fruits, the weight of entire fruit unit harvested from each plot was recorded for each cultivar and yield/plant and yield/hectare was calculated. The size of the fruit was measured in terms of length and breadth. The weight of the representative fruits of each cultivar from each plant was recorded and average berry weight was worked out. Total soluble solid, of the ripe fruit was determined with the help of hand refractometer (0-32 0 Brix) by putting few drops of juice on the prism. A standard procedure given by A.O.A.C, (2002) was used to determine chemical parameters. Anthocyanin pigments of berry were determined by the methods given by Harborne, (1973) .
The data recorded on 19 traits from experiment was utilized for analysis of variance (ANOVA) following Panse and Sukhatme (1967) . Genotypic and phenotypic coefficients of variation were estimated by the formula suggested by Burton and De Vane (1953) for each character. Heritability in broad sense and estimates of appropriate genetic variance components were substituted for the parameters to predict expected genetic gain. Correlated characters are of interest to find the genetic causes of correlation through the pleiotropic action of genes, to know the level of selection for one character that will cause simultaneous effect in other characters and find out correlation between character and their fitness. Genotypic coefficient of correlation (r g ) and phenotypic coefficient of correlation (r p ) were computed as per Robinson et al., (1951) and tested for statistical significance against the correlation table values at 5% and 1% levels of significance (Fisher and Yates, 1963) . A path coefficient was measure of direct and indirect effects of each character on fruit yield was estimated using a partial regression coefficient, as suggested by Dewey and Lu, (1959) .
Results and Discussion
The economic traits are influenced to a great extent by environments and hence mostly polygenically controlled. The nature of genotypic variability and their magnitude determined the extent of improvement in such characters. A perusal of the data revealed that the genotypes differed highly significantly for the characters under investigation. Kumar et al. (2012) found that analysis of variance of parent strawberry was highly significant for all the characters under study. Singh et al. (2011 ), Gawronski (2011 ), Ara et al. (2009 and several other workers also found highly significant differences among these traits studied, yield and yield contributing traits exhibited the scope for the improvement through selection and hybridization, which reflects the presence of considerable amount of variability among the traits.
Among yield traits wide range and mean of variation was estimated for anthocyanin content (0.14-0.42 OD and 0.29 OD) followed by titrable acidity (0.55 -1.13 % and 0.93 %), non-reducing sugar (0.90 -2.53 % and 1.51 %), reducing sugar (3.45 -5.71 % and 4.70 %), total sugar (5.79 -6.82 % and 6.24 %), petiole length (6.01 -10.19 cm and 7.82 cm), Ara et al. (2009) . Among all traits, higher values of PCV and GCV were observed for yield/hectare followed by yield/plant, non-reducing sugar, number of flower/plant, anthocyanin content, number of fruit/ plant and flower initiation, respectively and suggested the scope for improving these traits by selection. Kumar et al. (2012) that phenotypic correlation variance was higher than genotypic correlation coefficient of variation for all the traits viz. plant height, plant spread, number of leaves/plant, number of flower/plant, number of fruit/plant, fruit length, fruit breadth, fruit yield/plant, average berry weight, TSS, Titrable acidity. Low estimates of PCV and GCV were observed for days taken for first flowering and early maturity. Heritable variation is useful for permanent genetic improvement (Singh, 2000) . The proportion of genetic variability which is transmitted from parents to offspring is reflected by heritability. The present study of heritability reflects that the characters like non-reducing sugar (99.7%) followed fruit initiation (98.6%), yield/plant (98.6%), yield/hectare (98.6 %), average berry weight (98.4%), flower/plant (98.1%), fruit/ plant (97.9%), TSS (97.6%), titrable acidity (97.6%), days taken from planting to harvest (96.4%), anthocyanin content (95.2 %), reducing sugar (94.5%), total sugar (93%), fruit length (92.8%), fruit breadth (86.9%), petiole length (83.4%), leaves per plant (75.9%), plant height (73.3%) and plant spread (66.4%).The findings were almost supported by Kumar et al. (2012) who observed high estimates of heritability for number of leaves/plant, number of flower/plant, number of fruit/plant, fruit breadth, fruit yield/plant, average berry weight, TSS, titratable acidity. Ara et al. (2009) also, observed high value of heritability with respect to trait like plant height, number of flower/plant and fruit yield /plant, similar results have also been reported by Karim, (2007) . High value of heritability was observed in number of leaves/plant, number of flower/plant, number of fruit/plant, TSS, titrable acidity, reducing sugar, total sugar, fruit length, fruit breadth, fruit weight and fruit yield/plant reported by Mishra et al. (2015) and similar result was found by Sah et al. (2010) .
Breeder should consider heritability estimates along with the genetic advance because heritability alone is not a good indicator of the usable genetic variability as reported by Masood, (1986). Estimate of genetic advance was highest for yield/plant (126.30) followed by flower initiation (31.09), yield/hectare (15.15), flower/plant (12.39), fruits /plant (10.90), leaves/ plant (7.62), fruit length (7.02), days taken from planting to harvest (6.79), fruit breadth (4.22), plant spread (3.96), plant height (3.48), TSS (3.01), petiole length (2.39), average berry weight (1.49), reducing sugar (1.26), non-reducing sugar (1.07), total sugar (0.73), titrable acidity (0.29), anthocyanin content (0.17). Genetic advance as percent of mean was highest for yield/hectare (86.55%) (Table-3) followed by yield/plant (86.43%), non-reducing sugar (70.75%), number of flower/plant (59.35%), anthocyanin content (57.16%), fruit/plant (55.56%), flower initiation (44.28%), TSS (34.36%), titrable acidity (31.57%), leaves/plant (31.05%), petiole length (30.55%), plant height (29.29%), reducing sugar (26.78%), fruit length (25.16%), fruit breadth (23.20%), average berry weight (20.50%), plant spread (17.91%), total sugar (11.82%), days taken from planting to harvest (5.50%). High values and moderate values of genetic advance and genetic advance percent of mean were also reported by Kumar et al. (2012) , where they found high values for number of flower/plant, number of leave/plant, number of fruit/plant, fruit breadth, average fruit weight, fruit yield/plant, TSS, titrable acidity, moderate values for plant spread and fruit length. Mishra et al., (2015) reported high genetic advance for fruit yield/plant and moderate to low genetic advance for number of fruit weight, number of leaves/plant, plant spread and plant height as similar as close agreement of present finding.
The phenotypic correlation includes a genotypic and environmental effect, which provides information about total association between the observable characters Kumar et al. (2012) Biswas et al. (2007) . Strong vegetative growth expressed through many branches may also weaken yield, which is also emphasized by Gawronski, (2011), similar to present study where plant spread was significantly positive correlation with plant height and petiole length. Takeda et al. (2004) observed that the use of larger plant increase the total plant production of strawberry fruit. The number of berries/plant had a high positive correlation with berry size (fruit length and fruit breadth) and berry weight had a positive correlation with each other, while they had no significant correlation with yield by Karimi and Gholami, (2014) . Emdad et al. (2013) observed significant correlation between the number of flower/plant with number of fruit/plant and fruit breadth. Positive correlations of number of flower/plant with number of fruit/plant at genotypic and phenotypic level suggested that selection of higher number of strong may be done by selecting higher number of fruits (Salika et. al. 2007) . Similar results were found by the Ara et al. Path-Coefficient Analysis-Path coefficient analysis is an important tool for portioning the genotypic and phenotypic correlation coefficient into direct and indirect effect of independent variable on dependent variables and provides the cause and effects of chain relationships of different yield contributing characters with yield. Using phenotypic correlation, analysis revealed that magnitude of direct effect on yield/plant was found to be highest for number of flower/plant (0.949) followed by fruit breadth (0.206), anthocyanin content (0.103), fruit length (0.100), average berry weight (0.097) and plant spread (0.068) indicating true relationship between these traits as good contributors to fruit yield and suggesting the importance of direct selection for these traits. On the other hand, the highest negative direct effect of titrable acidity (-0.233) followed by days taken from planting to harvest (-0.223 TSS positive indirect effect on days taken from planting to harvest (0.066) and titrable acidity (0.057) exhibited indirect negative effect on non-reducing sugar (-0.044) and total sugar (-0.043). A positive indirect effect on titrable acidity was observed for flower initiation (0.116) and non-reducing sugar (0.092) and negative indirect effect for number of fruit/plant (-0.106) and number of flower/plant (-0.081). A negative indirect effect of total sugar through TSS (-0.028) and titrable acidity (-0.024) whereas positive indirect effect on number of fruit/plant (0.021) and plant height (0.016). A positive indirect effect was observed for reducing sugar through number of leaves/plant (0.029) and plant height (0.097) and negative indirect effect on nonreducing sugar (-0.041) and fruit breadth (-0.032).
Non-reducing sugar exhibited positive indirect effect through reducing sugar (0.046) and titrable acidity (0.007) and negative indirect effect for fruit breadth (-0.038) and average berry weight (-0.037). Anthocyanin content exhibited positive indirect effect through flower initiation (0.032) and fruit length (0.019) whereas the negative indirect effect observed on petiole length (-0.060) and number of fruit/plant (-0.041).At last average berry weight exhibited positive indirect effect through fruit breadth (0.054) and number of fruit/plant (0.045) whereas the negative indirect effect through reducing sugar (-0.0483) and anthocyanin content (-0.006).
Path coefficient analysis screens the components of correlations coefficient into direct and indirect effects and indicates the relationship in more meaningful way Emdad et al. (2013) . Early flowering bring the fruiting period forward in the cool climate, which extend the fruiting period result improve fruit size and increase yield and the warm climate, which limit the fruiting period, resulting in lower yield; Karimi and Gholami, (2014) . Plant height having higher positive indirect effect on fruit yield, also showed high indirect positive effect through number of leaves per plant, days from planting to flowering (flower initiation), number of fruit/plant and number of flower/plant by way of indirect contribution in enhancing the fruit yield of strawberry reported by Ara et al. (2009) .
All characters of the maximum value of PCV and GCV were observed for yield/hectare and contributing traits and higher values of PCV and GCV indicate that effect of environmental factors on the expression of the trait. As the characters are correlated, character showing highly significant positive correlation are the main yield attributing character and selection for these characters or selection in one of the trait can directly be followed for immediate improvement of strawberry crop. Path coefficient analysis (phenotypic) showed that positive direct effect was to be highest on yield/plant was found to be highest most of the traits indicating true relationship between these traits as good contributors to fruit yield and suggesting the importance of direct selection for these traits for increasing fruit yield per plant in a breeding program. A plant breeder should therefore, emphasize on these traits while practicing selection of high yielding strawberry. 
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